Autosomal dominant polycystic kidney disease (ADPKD) is one of most common inherited renal diseases. It is estimated that very early onset ADPKD affects even 2% patients. The purpose of this article is to provide a comprehensive review of genetics, prenatal diagnosis and prognosis in very early onset autosomal dominant polycystic kidney disease.
INTRODUCTION
Autosomal dominant polycystic kidney disease (ADPKD) is one of the most common hereditary kidney diseases. The incidence rate is estimated at 1/500-1000 live births. Typically, the symptoms develop in the age range from 20 to 50 [1] . It is estimated that an early manifestation of the disease (before 15 years of age) is observed in 2% of patients [2] . The development of prenatal ultrasound has led to more frequent diagnosis of an intrauterine form of ADPKD [3] .
AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASE
The clinical picture of ADPKD consists of kidneys enlarged by numerous cysts. These cysts may be present in other organs, such as the liver, the pancreas, a lung, and the arachnoid mater. This congenital disease can be accompanied by other anomalies, such as: intracranial aneurysms, thoracic aortic aneurysms and impaired function of the heart valves. Typically, extreme renal failure develops around 60 years of age [4, 5] .
GENETICS
The basis of this disorder is a mutation of PKD-1, PKD-2, or PKD-3 protein-coding polycystine 1 or polycystine 2. PKD-1 gene is responsible for 85% of cases of ADPKD and it is located on the short arm of chromosome 16 (16p13.3). PKD-2 gene is located on the long arm of chromosome 4 (4q21), while PKD gene-3 has not been mapped yet [6, 7] . ADPKD is a disorder inherited in an autosomal dominant fashion. The risk of inheriting this mutation is at the level of 50%. An early onset of this disease is more common when the mother of the child is afflicted by the disease, and when the child is a female [8, 9] . However, Hammond denies that this disorder has any correlation with gender [10] . The occurrence of early-onset ADPKD significantly increases the risk of recurrence of the disease, with a similar manifestation, in subsequent pregnancies [1] .
ADPKD is characterized by heterogeneity of the clinical picture both between families and "within-family". There are many theories explaining such a diversity. One hypothesis explaining this phenomenon is the theory of spontaneous mutations -arising de novo or superimposed on an existing ones, giving new mutations. It is estimated that up to 10% of patients experience spontaneous mutations. It is believed that early-onset ADPKD is a result of those mutations [8, 11] . Another theory is associated with the presence of hypomorphic mutation of PKD1 inherited in trans configuration [12] [13] [14] . Bergmann notes the relationship of the disease with the mutation of the HNF1B gene [15] . In addition, syndromes (e.g. Beckwith-Wiedemann syndrome, Jeune syndrome, Lujan-Fryns syndrome, Zellweger syndrome, Trisomy 18). The first step in the differential diagnosis should be the exclusion of other defects of the urinary tract. Subsequently, it is crucial to look for additional anomalies of the fetus. The presence of coexisting anomalies is more characteristic of genetic syndromes, while an isolated kidney disease may be a sign of polycystic kidney disease (PKD) [9, 18] .
The literature describes cases of fetuses, which were diagnosed in utero with ADPKD based on ultrasound imaging and a positive family history. After birth, these children presented a picture of normal kidneys with proper function [10, 22] .
ADPKD symptoms usually do not appear until adulthood and kidney failure progresses subacutely; therefore, up to 60% of future parents do not know they are affected. Upon diagnosis of the fetus with PKD, parents and even grandparents should be examined for this disorder if there is an absence of a family history [8] .
It is particularly important to determine whether ADPKD has been inherited from the mother, since hypertension in pregnant woman with ADPKD is associated with a high risk of feto-maternal complications and require close monitoring and a possible treatment to prevent development of pre-eclampsia [23] .
Prenatal magnetic resonance imaging is a complementary diagnostic tool for diagnosis of congenital kidney anomalies [24] . It is a particularly useful analysis in case of oligohydramnios, as an alternative to evaluation of fetal anatomy after diagnostic amnioinfusion [25] . Figure 2 shows maternal and fetal kidneys with ADPKD. Figure 3 present a sagittal view of a fetus with ADPKD.
Using magnetic diffusion resonance (diffusion weighted MR, DW-MR) is also possible to assess the renal function. The DW-MR technique involves the diffusion process (chaotic mothis disease can sometimes be inherited in an autosomal recessive fashion [16] .
There are several genetic tests that can be used to detect ADPKD. In most cases, the diagnosis is technically difficult and expensive due to the heterogeneity of gene mutation for polycysteine (a variety of point mutations: nonsense, missense, shifting the reading frame) [11, 17] . Application of genetic testing may be considered in asymptomatic patients with a family history and for pre-implantation diagnostics.
PRENATAL DIAGNOSIS
In 2004, Brun et al. described an ultrasound image pattern of kidneys that could suggest ADPKD. Fetal kidneys are slightly increased (1 to 2SD), with hyperechogenic cortex and hypoechogenic kidney core, resulting in increased diversity of cortico-spinal fluid. Amniotic fluid index is within the norms. Cysts in the kidneys may be present, but usually they do not appear until after birth [18] . The cases previously reported in the literature show a similar picture of fetal kidneys during an ultrasound examination [4, 8, [19] [20] [21] . Figure 1 shows an ultrasound image of fetal kidneys with ADPKD. An ultrasound image showing large, hyperechoic or polycystic kidneys is not characteristic of ADPKD and may be associated with other malformations of the urinary tract (simple renal cyst, cystic renal dysplasia), as well as with other degenerating polycystic kidney disorders (e.g. an autosomal recessive kidney disease ARPKD) or genetic 30] . It was shown that the size of the kidney in children as well as in adults correlates with the severity of the disease. Enlarged kidneys in the first decade of life suggest a rapid development of extreme renal failure [35] .
SUMMARY
Autosomal dominant polycystic kidney degeneration (ADPKD) is one of the most common hereditary kidney diseases. It is estimated that an early onset of ADPKD applies up to 2% of patients. This birth defect is characterized by a wide diversity of clinical symptoms in individual patients. The clinical picture significantly differs not only among families, but also among members of one family. There are currently studies which aim to explain the exact genetic background. The advancement of prenatal ultrasonography led to more frequent diagnosis of intrauterine presentation of this disorder. Large hyperechoic kidneys found in ultrasound picture should lead to a suspicion of this disease. A positive family history and exclusion of other causes enables a proper diagnosis. Sometimes, it is necessary to preform diagnostic testing on parents. Magnetic resonance imaging can be utilized as a complementary diagnostic tool. The survival rate of children suffering from an early onset of ADPKD is relatively high, but they require multiple drug therapies for hypertension at an early age. tion) of water molecules in tissue. An affected organ will show a hyperintense image due to a failure of the diffusion processes [26, 27] . Chaumoitre analyzed the results of normal fetuses and of 10 fetuses affected by kidney pathology. In cases of renal polycystic disorders (both ARPKD and ADPKD), as in hydronephrosis, the images gave a hyperintensive signal [28] .
PROGNOSIS
Genetic consultations are very difficult for this group of families, since very little is still known about the observation and progression of renal failure in children diagnosed in utero or showing symptoms of ADPKD in early childhood. The first reports stated that nearly half of all children with ADPKD die before the age of one [8, 29, 30] . However, recent reports have shown favorable prognosis for these children [31, 32] . Fick et al. described that out of 11 cases diagnosed prenatally: 8 showed a normal or near proper function of the kidneys in the childhood, 2 developed extreme kidney failure, and one fetus was subjected to termination [8] . In 2001, Fick et al. published results of a fifteen-year follow-up of 312 patients whose major problem was drug-resistant hypertension [8, 33] . Children with early onset ADPKD often manifest hypertension, albuminuria, and renal failure. Developing albuminuria can be a predictor of disease severity [34] .
Oligohydramnios occurring during pregnancy is considered to be a negative prognostic factor. There is no prognostic significance in prenatal ultrasound based on: presence or absence of cysts, their size, number and location [28, 
